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(54) Charging method amd system for radio communication 



(57) In a radio communications system where a 
base station communicates with each terminal while 
controlling transmission power of a channel used for 
communication between the base station and the termi- 
nal, the magnitude of the transmission power is moni- 
tored and a communication charge rate is determined 



based on the magnitude of the transmission power. A 
communication charge for the communication is calcu- 
lated using as parameters the communication charge 
rate and a time period during which the communication 
charge rate is kept. 



FIG.1 




CHARGE 
INFORMATION 

CHG(0 



CH.COHTRQI 



TRANSMISSION 
POWER 
CONTROL 



-S — tfr- 

DN 107 108 
ON 10 9 



COMMUNICATION 

TIME 

Tcotw 



Cptx TRANSMISSION 
^ -POWER 1 
CONTROLLER 



COMMUNICATION CHARGE 
DETERMINATION 



CHARGE L 

iSchhmjleT 



112 



CM 
< 



o 

<N 



Q. 

LU 



Printed by Xenix (UK) Business Services 
2.16.7/3.6 



WEST 



1 



EP0920 177 A2 



2 



Description 

[0001] The present invention relates to a charging 
system for radio communication such as radio tele- 
phone and radio data transmission and, more particu- 
larly, to a charging method and system in a radio 
communications system using the DS-CDMA (Direct 
Sequence - Code Division Multiple Access) scheme. 
[0002] In the DS-CDMA system, a plurality of chan- 
nels are assigned to a single frequency band, and each 
user's PN (pseudo-random noise) sequence or orthog- 
onal code is generated to allow receivers to distinguish 
among different user's signals. That is, the receiver per- 
forms reverse-spreading or despreading of the received 
signal by multiplying it by a replica of the PN sequence 
used at the transmitter. According to Interim Standard 
95 (IS 95) released by TIA (Telecommunications Indus- 
try Association) in North America for Code Division Mul- 
tiple Access (CDMA), the 64-bit Walsh orthogonal code 
sequence is used which consists of 64 kinds of code 
sequences with zero mutual correlation between them 
and can accommodate maximum 64 channels in one 
frequency band. 

[0003] Since the receiver uses such a spreading code 
unique to the desired user signal, the signals coded with 
other users' codes simply appear as noise, resulting in 
deteriorated quality of communications. Generally, it is 
necessary to limit the number of channels so as not to 
generate interference between the channels in the radio 
communications system. 

[0004] In the above-described North American Stand- 
ard T1A.IS-95, the electric field strength of a radio signal 
received from each user is measured at a base station 
and the received-signal strengths are controlled to 
become all the same at the receiving antenna of the 
base station. In other words, transmission power to ter- 
minal stations is precisely controlled so that transmis- 
sion power for a terminal station located far from the 
base station becomes larger because of a relatively 
large loss of a propagation path to the terminal station. 
Contrarily, transmission power to a terminal station near 
the base station becomes smaller because of a rela- 
tively small loss of a propagation path to these terminal 
stations. In this way, the transmission power of each ter- 
minal must be precisely controlled in any DS-CDMA 
system serving mobile users. 
[0005] Further, a terminal station also measures the 
electric field strength of radio signal received from the 
base station, and reports the result of the measuring to 
the base station when necessary. In the case where the 
electric field strength of the received signal from the 
base station is not sufficiently large at the terminal sta- 
tion, this terminal station makes a request to the base 
station to increase the transmission power of the chan- 
nel that is being used for communication. Then, the 
base station increases transmission power to the termi- 
nal station that has transmitted the request for power 
increase. 



[0006] On the other band, as conventional techniques 
of a charging system for portable telephones, there are 
ones as disclosed in Japanese Patent Application Laid- 
open Publication No. 7-297954. No. 7-193533 and No. 

5 7-283888. 

[0007] According to Japanese Patent Application 
Laid-open Publication No. 7-297954; there are provided 
charging a method and a system for a case where a 
public portable telephone terminal station utilizes an 

10 access service to a public mobile telephone network 
through a private branch exchange (PBX) of a private 
area different from a public area. 
[0008] Specifically, the charge for facility utilization of 
a private area is stored in a charge data base. Further 

15 the charge for service obtained by a public portable sta- 
tion (hereinafter to be referred to as a public PS) as well 
as communication charge via a public mobile telephone 
network are also stored in the charge data base. These 
stored communication charges and facility utilization 

20 charges are output to charge fees to the public PS. 
Alternately, information on the facility utilization charges 
received through a PBX and communication charges 
via the public mobile telephone network are stored in 
the charge data base of the public telephone network. 

25 The stored communication charges and facility utiliza- 
tion charges are output to charge fees to the public PS. 
[0009] Based on this system, when the user of the 
public PS has obtained services via the PBX of the pri- 
vate area, it becomes possible for a PBX owner to 

30 charge the facility utilization fees to the user other than 
the utilization charges of the public mobile telephone 
network and for a public telephone network operator to 
charge the fees in place of the PBX owner. 
[0010] According to Japanese Patent Application 

35 Laid-open Publication No. 7-1 93533, there are provided 
method and means for recovering (charging) a pur- 
chase cost of a booster by including it in a utilization 
charge of a portable telephone. Specifically, the booster 
has a controller having a charge information storing 

40 function therein. The controller uses the charge infor- 
mation storing function to store a registered telephone 
number of a portable telephone and communication 
time of the corresponding portable telephone to a mem- 
ory. By reading the registered telephone number and 

45 the communication time thereof from the booster, the 
user who has purchased the booster and its telephone 
number can be identified. Therefore, the booster utiliza- 
tion fee for the portable telephone can be charged. 
[0011] According to Japanese Patent Application 

so Laid-open Publication No. 7-283888, there is provided a 
charging system for CDMA communications system. 
Specifically, speech information is encoded at a trans- 
mission rate depending on the amount of the voice infor- 
mation, and the encoded signal is transmitted at a 

55 transmission power depending on the transmission rate. 
A mobile terminal is provided with a charge setting 
means through which a user of the mobile terminal can 
set the maximum transmission rate. A communication 
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charge is set depending on traffic of communication 
channels and the maximum transmission rate of voice 
information. Therefore, when increasing in traffic vol- 
ume, a user will make effort to lower the maximum 
transmission rate of voice information as far as possible 5 
in order to minimize the communication charge. As a 
resuit, it becomes possible to lower interference 
between the channels during heavy-traffic time periods. 
It is also made possible to increase the number of com- 
munication channels depending on a reduction in inter- w 
ference. 

[001 2] As described before, in the CDMA communica- 
tions system, communication channels are discrimi- 
nated based on each user's PN sequence or orthogonal 
code which allows a plurality of receivers to distinguish is 
among different user's signals in the same frequency 
band. Therefore, for each receiver, the signals coded 
with other users' codes simply appear as noise. 
[0013] To minimize such noises, in an up-link from a 
mobile terminal to a base station, the base station con- 20 
trols the transmission power of each mobile terminal so 
that the same power is received from every mobile ter- 
minal and the power level is constant with time. By this 
arrangement, noise (interference) between up-link 
channels is minimized. In a down link from the base sta- 25 
tion to each terminal stations, the received signal 
strengths at the receiving antenna of the mobile termi- 
nal become the same if the transmission power for each 
down-link channel is set at the same value. In other 
words, when the transmission power of each down-link 30 
channel is set at the same level, noise (interference) 
between down-link channels is minimized. 
[0014] When a mobile terminal receives insufficient 
electric field strength of a radio signal from the base sta- 
tion, this mobile terminal can make a request to the 35 
base station to increase the transmission power of the 
in-use channel. At the request of the mobile terminal, 
the base station increases the magnitude of the trans- 
mission power to that mobile terminal. Such a transmis- 
sion power increase request may be generated when 40 
the sensitivity of signal reception is not sufficient. The 
receiving sensitivity may be reduced, for example, when 
a mobile terminal is located at a position relatively far 
from the base station or when there is developed a 
problem in the hardware of the mobile terminal. as 
[0015] The increased transmission power of one 
channel for a certain mobile terminal causes other 
channels to increase in noise or interference, resulting 
in deteriorated quality of the other channels. 
[0016] According to the above conventional charging so 
methods, charge rates are basically determined 
depending on the time period during which one commu- 
nication channel is occupied. According to Japanese 
Patent Application Laid-open Publication No. 7-283888, 
charge rates are determined based on both the trans- 55 
mission rate of voice information specified by the user 
and the channel-occupying time period. In other words 
the charge rate is the same over all the channels 



regardless of an increase or decrease in the transmis- 
sion power of the base station. 
[0017] The inventor has found that such a situation 
implies an unfair aspect that the same charge rate is 
imposed on a mobile terminal generating noises to 
other channels and other mobile terminals that are 
affected by the noises. 

[001 8] It is therefore an object of the present invention 
to provide charging method and system that can elimi- 
nate the above-described unfair aspect 
[0019] It is another object of the present invention to 
provide charging method and system that can inform a 
user of a change of charge rate. 
[0020] According to a first aspect of the present inven- 
tion, in a radio communications system where a base 
station communicates with each terminal while control- 
ling transmission power of a channel used for communi- 
cation between the base station and the terminal, the 
magnitude of the transmission power is monitored and 
the communication charge rate is determined based on 
the magnitude of the transmission power. The commu- 
nication charge for the communication is preferably cal- 
culated using as parameters the communication charge 
rate and the time period during which the communica- 
tion charge rate is kept. 

[0021] According to a second aspect of the present 
invention, at the base station, the magnitude of the 
transmission power is monitored and the communica- 
tion charge rate is determined based on the magnitude 
of the transmission power. The communication charge 
rate is transmitted to the terminal. At the terminal, the 
communication charge rate is displayed on screen 
and/or a change of the communication charge rate is 
alerted by one of light and vibration. 
[0022] According to a third aspect of the present 
invention, when the base station receives a request for 
changing the transmission power from the terminal, the 
magnitude of the transmission power is changed 
depending on the request and the communication 
charge rate is determined based on the magnitude of 
the transmission power. The request may be generated 
at the terminal in response to a user's instruction. 
[0023] Further aspects of the present invention will 
become apparent from the following description of pre- 
ferred embodiments of the invention in context with the 
accompanying drawing. In these drawings, 

Fig. 1 is a block diagram showing a circuit configu- 
ration of a base station including a charging system 
according to an embodiment of the present inven- 
tion; 

Fig. 2 is a block diagram showing a circuit configu- 
ration of a terminal station in a charging system 
according to an embodiment of the present inven- 
tion; 

Fig. 3 is a graph showing an example of time-vary- 
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ing charge rate in a first embodiment of a communi- 
cation-charging method according to the present 
invention; 

Fig. 4 is a graph showing an example of time-vary- 
ing charge rate in a second embodiment of a com- 
munication-charging method according to the 
present invention; 

Fig. 5 is a sequence diagram shewing an operation 
of the charging system according to the present 
invention; 

Fig. 6 is a flow chart shewing a charge information 
receiving operation of the terminal station accord- 
ing to the present invention; and 

Fig. 7 is a flow chart showing an operation for 
requesting a change of transmission power in the 
terminal station according to the present invention. 

[0024] Referring to Fig. 1 , there is shown a base sta- 
tion of a DS-CDMA radio communications system 
including a charging system according to an embodi- 
ment of the present invention. For reason of simplicity, 
there will be described a case where the base station is 
communicated with a terminal station which is charged 
for its communication. 

[0025] The base station receives radio signals through 
an antenna 101 from terminal stations and the received 
radio signals are transferred through a T/R switch 1 02 to 
an amplifier 103. The amplifier 103 amplifies and out- 
puts then to a demodulator 104, which demodulates the 
received radio signals into baseband signals and out- 
puts them to a coder/decoder (codec) 105. The codec 
105 decodes the baseband signals using the specified 
code sequence as described before to output received 
data RxO (here, speech data) to a processor 106. 
[0026] In transmission, data TxD to be transmitted is 
coded by the codec 105 using the specified code 
sequence and the coded signal, is output to a modulator 
107 which modulates a carrier according to the coded 
signal to produce a transmission radio signal. A varia- 
ble-gain power amplifier 108 amplifies the transmission 
radio signal by a gain factor controlled by a transmission 
power controller 109 depending on a transmission 
power control signal C PTX input from the processor 106. 
The power-adjusted transmission radio signal is trans- 
mitted to the mobile terminal through the T/R switch 102 
and the antenna 101. 

[0027] The base station is further provided with a 
communication charge determination section 110, a 
timer 111 and a charge schedule memory 112. The 
communication charge determination section 110 and 
the timer 1 1 1 may be implemented with software run- 
ning on the processor 106. 

[0028] As will be described in detail, the communica- 
tion charge determination section 110 inputs the trans- 



mission power control signal C PTX and communication 
time Tqqmm from the processor 1 06 and starts the timer 
1 1 1 in response to the communication time Tcomm- The 
communication charge determination section 110 

5 detects the magnitude of the transmission power by 
monitoring the transmission power control signal C PT x 
and determines a charge rate depending on the magni- 
tude of the transmission power by referring to the 
charge schedule memory 1 12. The charge rate is out- 

70 put as charge information CHG(i) to the processor 106 
and then is transmitted to the mobile terminal. Further, 
the communication charge determination section 110 
calculates the charge for the communication based on 
the determined charge rate and the count of the timer 

? 5 1 1 1 , in other words, using as parameters the magnitude 
of a determined transmission power and the time 
Tcomm- 

[0029] Referring to Fig. 2, a terminal station receives 
radio signals through an antenna 201 and the received 

20 radio signals are transferred to a receiver 203 through a 
T/R switch 202 and then are demodulated into base- 
band signals by demodulator 204. The baseband sig- 
nals are decoded into received data RxD (here, speech 
data) by a codec 205 using the specified code 

25 sequence and then the received data RxD is output to a 
microprocessor 206. 

[0030] In transmission, data TxD to be transmitted is 
coded by the codec 205 using the specified code 
sequence and the coded signal is output to a modulator 

30 207 which modulates a carrier according to the coded 
signal to produce a transmission radio signal. A trans- 
mitter 208 amplifies the transmission radio signal 
depending on a power control signal and transmits it to 
the base station through the T/R switch 202 and the 

35 antenna 201. 

[0031] The microprocessor 206 controls the opera- 
tions of the terminal station by running a control pro- 
gram stored in a read-only memory (not shown). When 
receiving charge information CHG from the base sta- 

40 tion, the charge information CHG is stored in a charge 
information memory 209. The charge information is dis- 
played on a display device 210 such as liquid-crystal 
display (LCD) or a light-emitting diode and further, if 
necessary, an alert device 21 1 such as a light-emitting 

45 diode or a vibrator may be started as will be described 
later. The microprocessor 206 may use a timer 212 to 
calculate a total charge for the communication. 
[0032] When the received signal level is decreased, 
the microprocessor 206 generates a transmission 

so power-increasing request and transmits it to the base 
station. Contrarily, when the received signal level is suf- 
ficiently high, the microprocessor 206 can generate a 
transmission power-decreasing request and transmit it 
to the base station according to a user's instruction. 

55 

COMMUNICATION CHARGE DETERMINATION 
[0033] As examples of the operation of the present 
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invention, two methods for calculating a communication 
charge will be explained in detail, with reference to Figs. 
3 and 4. 

[0034] Referring to Figs. 3 and 4, a horizontal axis rep- 
resents time and a vertical axis represents the transmis- 5 
sion power Pyx set by the transmission power controller 
109. Thus Figs. 3 and 4 show an example of the rela- 
tionship between elapsed time and the transmission 
power. 

[0035] The communication charge rate reflects the 
magnitude of transmission power P TX and Figs. 3 and 4 
show different charge schedules as described hereinaf- 
ter. 

[0036] Referring to Fig. 3, the communication charge 
is calculated based on the magnitude of a transmission 
power P-rx that is determined when the transmission 
power controller 109 has changed the gain of the trans- 
mission power amplifier 108 at the request of the termi- 
nal station. In this case, the initial transmission power 
P TX is set to P0 at the time TO when the communication 
starts and the transmission power PO is kept during a 
time period from time TO to time T1 and during a time 
period from T5 to Te as indicated by an area 301 . Such 
a time period is obtained by the timer 1 1 1 reset by each 
chance of the transmission power. However, at time T1 , 
the transmission power Pyx is set to P2 larger than the 
initial power P0 until time T2. At the time T2, the trans- 
mission power P TX is further increased to P4. Thereaf- 
ter, the transmission power Pyx is decreased to P3 at 
time 73 and then to P1 at time T4 and finally to the initial 
power P0 at time T5. In this manner, the transmission 
power P-rx is set to more than the initial power PO during 
a time period from time T1 to T5 as indicated by a diag- 
onally shaded area 302. 

[0037] Therefore, during this time period from T1 to T5 
as indicated by the diagonally shaded area 302, the ter- 
minal station is affecting other terminal stations as 
described before. Accordingly, the communication 
charge determination section 110 adds additional com- 
munication charge proportional to the diagonally 
shaded area 302 to the basic charge. 
[0038] In this case, the communication charge rate 
corresponding to the transmission power P-rx may be 
transmitted as charge information CHG to the terminal 
station each time the transmission power Pyx is 
changed. Further, a total communication charge propor- 
tional to the diagonally shaded area 302 may be trans- 
mitted to the terminal station after the communication is 
terminated. 

[0039] Referring to Fig. 4, the communication charge 
determination section 110 detects the magnitude of a 
transmission power Pyx at regular intervals, to, t1 , t2, ... 
, t6, during the time period from TO to Te and calculates 
the communication charge based on the respective 
detected magnitudes of transmission power Pyx- 
[0040] Assuming that the transmission power Pyx is 
changed during the time period from time TO to Te as 
shown by line 401 that indicates the same change as in 



Fig. 3. In this case, the communication charge determi- 
nation section 1 1 0 detects the magnitude of a transmis- 
sion power Pyx at sampling instants to, t1, t2, ... . t6. 
Therefore, the detected magnitude of transmission 
power Pyx is set to P0 during a time period from to to t1 
and then to P2 during a time period from t1 to t2. Simi- 
larly, during a time period from t2 to t3, the detected 
magnitude of transmission power Pyx is set to P4. In 
this manner, the transmission power Pyx is detected 
and used to calculate the communication charge during 
a time period from time TO to Te as indicated by a diag- 
onally shaded area 402. 

[0041] In this schedule as shown in Fig. 4, since the 
terminal station is affecting other terminal stations dur- 
ing this time period from T1 to T5, the communication 
charge reflects the change of the transmission power 
Pyx and is determined as shown by the diagonally 
shaded area 402. In this case, the communication 
charge rate corresponding to the transmission power 
Pyx may be transmitted as charge information CHG to 
the terminal station at sampling intervals. 

CHANGE OF TRANSMISSION POWER AND 
CHARGE 

[0042] Referring to Fig. 5, after establishing a channel 
between the base station and the terminal station (step 
S501), the base station starts communication with the 
terminal station at time TO (step S502). At this time, the 
processor 106 outputs the transmission power control 
signal C PTX to the transmission power controller 109 so 
that the transmission power amplifier 1 08 is set to an ini- 
tial transmission power P0. At the same time, the com- 
munication charge determination section 110 
determines the communication charge rate correspond- 
ing to the initial transmission power P0 and outputs it as 
charge information CHG(1) to the processor 106 (step 
S503). The processor 106 controls the codes 105 to 
transmit the charge information CHG(1) to the terminal 
station. 

[0043] When receiving the charge information CHG(1 ) 
from the base station, the microprocessor 206 of the ter- 
minal station stores it into the charge information mem- 
ory 209 and controls the display device 210 to display it 
(step S504). 

[0044] In the case where the terminal station requests 
for an increase in transmission power for some reason, 
the processor 1 06 of the base station controls the trans- 
mission power controller 109 to increase the transmis- 
sion power to P2 at time T1 (step S505). The 
communication charge determination section 110 
changes the communication charge rate from CHG(1) 
to CHG(i) according to the charge schedule and then 
outputs it to the processor 106 (step S506). The proces- 
sor 106 controls the codec 105 to transmit the charge 
information CHG(i) to the terminal station. 
[0045] When receiving the charge information CHG(i) 
from the base station, the microprocessor 206 of the ter- 
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minal station stores it to the charge information memory 
209 and controls the display device 210 to display it 
(step S507). At the same time, the microprocessor 206 
drives the alert device 211 to inform a user of an 
increase of charge rate (step s508). The microproces- 
sor 206 may compare the new charge information 
CHG(i) to the previous charge information CHG(1) and, 
if they are not identical, then the alert device 211 may 
be driven. 

[0046] If the terminal station makes another request 
for a further increase in the transmission power to the 
base station because the sensitivity of signal reception 
is still poor at the transmission power of P2, then the 
base station sets the transmission power to P4 at time 
T2 as described before. And the terminal station dis- 
plays the new communication charge information on 
screen and informs the user of a further increase of 
charge rate by light or sound caused by the alert device 
211. 

[0047] In the case where the terminal station makes a 
request for a reduction in the transmission power to the 
base station because the sensitivity of signal reception 
is sufficiently good at the transmission power P4, then 
the base station sets the transmission power to P3 at 
time T3 (step $509). The communication charge deter- 
mination section 110 changes the communication 
charge rate from CHG(i) to CHGQ) according to the 
charge schedule and then outputs it to the processor 
106 (step S510). The processor 106 controls the codec 
1 05 to transmit the charge information CHG(j) to the ter- 
minal station. 

[0048] When receiving the charge information CHGQ") 
from the base station, the microprocessor 206 of the ter- 
minal station stores it to the charge information memory 
209 and controls the display device 210 to display it 
(step S51 1). At the same time, the microprocessor 206 
drives the alert device 21 1 to inform a user of a reduc- 
tion of charge rate (step s512). 
[0049] As described above, a change of communica- 
tion charge is reported as charge information to the ter- 
minal station at regular intervals or when the 
transmission power is changed. At the terminal station, 
this charge information is displayed and an alert is gen- 
erated as necessary. Therefore, the user can know the 
current communication charge rate from this charge 
information. The use may be informed of the charge 
information by speech output from a speaker or by 
vibration. 

[0050] Further, the user can quickly understand any 
inconvenience of the terminal station from the charge 
information. If the sensitivity of signal reception of the 
terminal station has become poor for some reason, 
transmission power from the base station is set larger 
so that the communication charge increases. Accord- 
ingly, the user can notice that the terminal station has 
assumed a bad condition from this fact. 



TERMINAL STATION 

[0051] Another embodiment of the present invention 
will be explained below with reference to Fig. 6. In the 

5 embodiment the terminal station is further provided 
with communication charge calculating function that 
may be implemented with software or a separate com- 
munication charge processor. 
[0052] Referring to Fig. 6, the microprocessor 206 of 

to the terminal station determines whether charge infor- 
mation CHG(i) is received from the base station (step 
S601). If received (YES in step S601), then the current 
charge information CHG(i) is stored in the charge infor- 
mation memory 209 and the previously received charge 

is information CHG(i-1 ) from the charge information mem- 
ory 209 (step S602). Thereafter, it is determined 
whether the current charge information CHG(i) is equal 
to the previous charge information CHGfi-1) (step 
S603). 

20 [0053] When CHG(1) is different from CHG(M) (NO in 
step S603), the microprocessor 206 drives the alert 
device 21 1 to inform the user of a change of communi- 
cation charge (step S604) and controls the display 
device 210 to display the current charge information 

25 CHG(i) on screen (step S605). If CHG(i) is equal to 
CHG(i-1) (YES in step S603), the current charge infor- 
mation CHG(i) is only displayed on screen (step $605). 
The steps S601-S605 are repeatedly performed until 
the communication is terminated (step S606). 

30 [0054] During the communication period, the micro- 
processor 206 or the communication charge processor 
accumulates the charge information received from the 
base station. When the communication has been termi- 
nated (YES in step S606), the microprocessor 206 or 

35 the communication charge processor calculates the 
result of this accumulation as a total communication 
charge CHGj (step S607) and stores it in the charge 
information memory 209 (step S608) and further dis- 
plays it on the display device 210 (step S609). Thus, the 

40 user of the terminal station can know the total charge for 
the communication immediately after the completion of 
the communication. 

[0055] The charge information CHG(i) is stored in the 
charge information memory 209 each time it is received. 

45 Thus, it becomes easily possible to know the communi- 
cation charge for past communication. Further, it 
becomes possible to know the magnitude of inconven- 
ience and to specify the time when the inconvenience 
occurred by reading out a sequence of the past charge 

so information from the charge information memory 209 at 
The occasion when the terminal station is placed for 
repairs and maintenance. 

[0056] Further, it is also possible to provide a commu- 
nication charge comparing function in the terminal sta- 
55 tion. The communication charge comparing function 
compares the current total communication charge with 
the past total communication charge for one communi- 
cation. Therefore, the user can be informed of a fact that 
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the current communication charge is higher than in the 
past Thus, it becomes possible to automatically inform 
the user of an occurrence of any inconvenience in the 
terminal station currently used. 

TRANSMISSION POWER SELECTION 

[0057] Referring to Fig. 7, the terminal station is fur- 
ther provided with user's specified transmission power 
change function. The microprocessor 206 determines 
whether a transmission power change request is input 
from the user through an input key pad (step S701). If 
the user's instruction is input (YES in step S701), the 
microprocessor 206 transmits the er^s specified trans- 
mission power change request to the base station (step 
S702). Contrarily, if the user's instruction is not input 
(NO in step S701). the microprocessor 206 performs an 
automatic transmission power control as in the conven- 
tional case (step S703). 

[0058] Since the user can select the communication 
condition, it is possible to provide communication serv- 
ices for securing a communication channel of better 
sensitivity of signal reception by deliberately setting the 
transmission power at a higher level. This results in a 
setting of an expensive communication charge as com- 
pared with a normal communication charge. However, 
by setting the transmission power of the base station at 
a higher level, better sensitivity of signal reception can 
be secured at the terminal station, which leads to a pro- 
vision of communication services with small error rate. 
For example, it becomes possible to provide such serv- 
ices for data communications that require error rate to 
be restricted to a minimum. 

[0059] On the contrary, it is also considered possible 
to provide communication services with lower communi- 
cation charges by setting transmission power of the 
base station to a smaller value in advance for communi- 
cations that have little problem even if the error rate 
becomes slightly higher. 

[0060] As described above, a first advantage of the 
present invention resides in that a communication 
charge is calculated based on the channel-occupying 
time period and the magnitude of transmission power of 
the base station. This solves the problem of the prior art 
techniques, that is, the unfair aspect that the communi- 
cation charge of a terminal station that increases noise 
is the same as the communication charges of all the 
other terminal stations being affected by the noise. 
[0061 ] A second advantage of the invention resides in 
that charge information obtained by the base station is 
transmitted to a terminal station and the charge informa- 
tion can be provided to the user of the terminal station. 
With this arrangement, the user can know in real time 
the information relating to the charges of the terminal 
station. 

[0062] A third advantage of the invention resides in 
that the terminal station is provided with a communica- 
tion charge processing function for calculating the com- 



munication charge from the charge information received 
from the base station. With this arrangement, the user 
of the terminal station can know the communication 
charge immediately after the completion of the commu- 
5 nication. 

[0063] A fourth advantage of the invention resides in 
that a memory for storing charge information is provided 
in the terminal station. With this arrangement, it 
becomes possible for the user of the terminal station to 

io compare past communication charges with a current 
communication charge. By this comparison the user 
can detect an occurrence of an abnormal condition in 
the terminal station . Further, it becomes possible to 
know the magnitude of inconvenience by analyzing data 

15 stored in the memory at the time of carrying out repairs 
and maintenance of the terminal station for reason of 
poor condition of the terminal station or the like. 
[0064] A fifth advantage of the invention resides in that 
the terminal station is provided with a means for carry- 

20 ing out a comparison between past communication 
charges and a current communication charge and 
informing the user of that the current communication 
charge is expensive as compared with the past commu- 
nication charges. With this arrangement, it becomes 

25 possible to carry out automatically the comparison 
between the communication charges described in the 
fourth advantage without involving an operation of the 
user and to inform the result of the comparison to the 
user from the terminal station. 

30 [0065] Lastly, it becomes possible to provide commu- 
nication services that ensure a securing of a communi- 
cation channel with better sensitivity of signal reception 
by deliberately increasing the transmission power of the 
base station through combined use of various effects of 

35 the present invention. This leads to a setting of relatively 
higher communication charges than normal charges. 
However, the setting of the base station transmission 
power at a higher level ensures a securing of higher 
sensitivity of signal reception at the terminal station, 

40 which makes it possible to provide communication serv- 
ices of smaller error rate in the end. 

Claims 



45 1. In a radio communications system where a base 
station communicates with each terminal while con- 
trolling transmission power of a channel used for 
communication between the base station and the 
terminal, a method for charging the terminal for 

so communication, characterized by comprising the 
steps of: 

a) monitoring the magnitude of the transmis- 
sion power; and 
55 b) determining a communication charge rate 

based on the magnitude of the transmission 
power. 
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2. The method according to claim 1 , further compris- 
ing the step of: 

c) calculating a communication charge for the 
communication using as parameters the com- s 
munication charge rate and a time period dur- 
ing which the communication charge rate is 
kept. 

3. The method according to claim 2, wherein step c) 10 
comprises the steps of: 

detecting a time instant when the magnitude of 
the transmission power is changed; and 
calculating the communication charge for the is 
communication based on the communication 
charge rate and the time instant. 

4. The method according to claim 2, wherein, in step 

a), the magnitude of the transmission power is 20 
monitored at regular intervals. 

5. In a radio communications system where a base 
station communicates with each terminal while con- 
trolling transmission power of a channel used for 25 

. communication between the base station and the 
terminal, a method for charging the terminal for 
communication, characterized by comprising the 
steps of: 

30 

at the base station, 

a) monitoring the magnitude of the transmis- 
sion power; 

b) determining a communication charge rate 
based on the magnitude of the transmission 35 
power; 

c) transmitting the communication charge rate 
to the terminal; and 

at the terminal, 

d) indicating the communication charge rate. 40 

6. The method according to claim 5, wherein step d) 
comprises the step of displaying the communica- 
tion charge rate on screen. 

45 

7. The method according to claim 5, wherein step d) 
comprises the step of alerting a change of the com- 
munication charge rate by one of light and vibration. 

8. The method according to claim 5, wherein step d) so 
comprises the steps of: 

displaying the communication charge rate on 
screen; and 

alerting a change of the communication charge ss 
rate by one of light and vibration. 

9. The method according to claim 5, wherein step c) 



comprises the steps of: 

detecting a time instant when the magnitude of 
the transmission power is changed; and 
transmitting the communication charge rate to 
the terminal at said time instant. 

10. The method according to claim 5, wherein, 

in step a), the magnitude of the transmission 
power is monitored at regular intervals; and 
in step c), the communication charge rate is 
transmitted to the terminal at such regular 
intervals. 

11. In a radio communications system where a base 
station communicates with each terminal while con- 
trolling transmission power of a channel used for 
communication between the base station and the 
terminal, a method for charging the terminal for 
communication, characterized by comprising the 
steps of: 

at the base station, 

a) monitoring the magnitude of the transmis- 
sion power; 

b) determining a communication charge rate 
based on the magnitude of the transmission 
power; 

c) transmitting the communication charge rate 
to the terminal; 

at the terminal, 

d) calculating a communication charge for the 
communication using as parameters the com- 
munication charge rate received from the base 
station and a time period during which the com- 
munication charge rate is kept; 

e) displaying the communication charge. 

12. In a radio communications system where a base 
station communicates with each terminal while con- 
trolling transmission power of a channel used for 
communication between the base station and the 
terminal, a method for charging the terminal for 
communication, characterized by comprising the 
steps of: 

a) receiving a request for changing the trans- 
mission power from the terminal; 

b) changing the magnitude of the transmission 
power depending on the request; and 

c) determining a communication charge rate 
based on the magnitude of the transmission 
power. 

13. The method according to claim 12, further compris- 
ing the step of: 
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d) calculating a communication charge for the 
communication using as parameters the com- 
munication charge rate and a time period dur- 
ing which the communication charge rate is 
kept 

14. The method according to claim 12, wherein at the 
terminal, the request is generated in response to a 
user's instruction. 
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1 5. A system for charging a terminal for communication 
in a radio communications system where a base 
station communicates with each terminal while con- 
trolling transmission power of a channel used for 
communication between the base station and the 15 
terminal, characterized by the base station com- 
prising: 

a power controller (109) for controlling the 
transmission power; 20 
a monitor (1 10) for monitoring the magnitude of 
the transmission power; and 
a charge determination processor (110, 111, 
112) for determining a communication charge 
rate based on the magnitude of the transmis- 25 
sion power. 

16. The system according to claim 15, wherein the 
charge determination processor further calculates 

a communication charge for the communication 30 
using as parameters the communication charge 
rate and a time period during which the communi- 
cation charge rate is kept. 

17. The system according to claim 15, wherein the 35 
base station transmits the communication charge 
rate to the terminal, wherein the terminal com- 
prises: 

a receiver (203-205) for receiving the commu- 40 
nication charge rate from the base station; and 
an indicator (210, 211) for indicating the com- 
munication charge rate. 

1 8. The system according to claim 1 5, wherein the indi- 45 
cator is a display (210) for displaying the communi- 
cation charge rate on screen. 

19. The system according to claim 15, wherein the indi- 
cator is an alert device (21 1) for alerting a change so 
of the communication charge rate by one of light 
and vibration. 
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FIG. 3 
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FIG. 5 
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FIG. 7 
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